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® Stitched servo pattern and method for positioning an optical-magnetic read/write head. 



©A diskette comprising a jacket, a liner material 
disposed within said jacket, a flat circular media 
having a magnetic coating on both sides disposed 
within said liner material, a hub attached at the 
center of said media, a plurality of optical positioning 
tracks on at least one of said sides of said media 
that have stitched patterns that will wink on-and-off 
at twenty kilohetrz in the present of a constant, 
unmodulated light source. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates generally to magnetic 
disk drives and more specifically to positioning 
optical-magnetic read/write heads in high track 
density drives and diskettes. 

2. Description of the Prior Art 

Continual advances in floppy disk technology 
have allowed the rapid migration from eight inch, to 
5.25 inch to 3.5 inch diskettes. Originally, 5.25 inch 
diskettes held only 360K bytes of data, but higher 
track and more efficient recording formats have 
allowed the smaller 3.5 inch diskette to store as 
much as 1.44M bytes in the recent high density 
(HD) format. Such rapid migration has caused se- 
vere interoperability concerns, because of the 
physical incompatibility between the traditional for- 
mats. The recent HD format is a ray of hope that 
the situation will improve, in that both Apple Macin- 
tosh Us and IBM-PCs equipped with HD drives 
record in basically an interchangeable format. 

Advances in floppy disk technology have not 
stayed still. By embedding optical servo informa- 
tion in an otherwise standard 3.5 inch micro-floppy 
diskette, storage capacities of twenty megabytes 
and beyond are possible. The Micro Standards 
Committee, sponsored by the Microcomputer Man- 
agers Association, announced at COMDEX/Spring 
1989 a 10-month study of proposed new formats to 
replace the aging 1.44M byte diskette. (See. "Draft 
White Paper on a New Standard for Very-High- 
Density Diskette Drives," February 5, 1990, pub- 
lished by the Micro Standards Committee, 50 
W.34th St., Suite 23C7, New York, NY 10001.) The 
result was to recommend a 20.9M byte optical- 
magnetic format that was judged to be superior on 
every criterion rated. 

Higher density disks have resulted from ever 
increasing track densities. The more concentric 
data tracks that can be packed into an area on a 
given disk size, the more data can be stored. But 
increasing track densities compound the problems 
in positioning a read/write head over the proper 
track. Stepper motors have been used in low track 
density drives to position the heads, but stepper 
motor positioning systems do not have the accu- 
racy required for high track densities. Magnetic 
servo tracks embedded between data tracks or on 
a specialized surface in a multi-surface disk have 
also reached their limits. The prior art includes 
optical servo positioning methods that offer high 
track densities and good performance. 



Fig. 1 is a prior art diskette, referred to by the 
general reference numeral 10, comprising a jacket 
12, a label 14, a shutter 16, and a media 18. A liner 
is disposed within jacket 12 and is made of a 
s material that lubricates and cleans media 18. 

Fig. 2 is the prior art media of the diskette 10 
of Fig. 1, shown without the jacket 12 and liner. 
Media 18 is typically coated with ferrite oxide. 
Media 18 comprises a plurality of concentric opti- 
w cally visible servo tracks 26. These optical servo 
tracks 26 are used to accurately position a 
read/write head assembly 28. Optical servo tracks 
26 are embossed on media 18 by laser etching an 
unbroken concentric ring. The embossed areas 
15 (tracks 26) of media 18 will reflect less light that 
will the un-embossed areas. 

Fig. 3 is a cross-sectional view of the prior art 
media showing the vertical relief of a plurality of 
"valleys," caused by the above embossing, and a 
20 plurality of resulting "hills" that represent areas of 
un-embossed media. A modulator 32 comprises a 
frequency source, a mixer to combine the fre- 
quency source with automatic gain control (AGC) 
illumination level, a filter to eliminate harmonics 
25 and to generate a pure sine wave, and a DC 
restore circuit to control the baseline of the 
sinewave. Head assembly 28 comprises an LED 34 
and a light detector 36 to pick up reflected light. A 
filter 38 removes unmodulated light detected by 
30 detector 36. Light from head assembly 28 is 
bounced off of media 18 and used to detect wheth- 
er the head assembly 28 is positioned over a hill or 
over a valley, or somewhere in between. The sig- 
nals are then processed by a front-end electronics 
as sub-system. Media defects, dirt, and contamination 
on the surface of the media can create false posi- 
tion readings by the head. A large dynamic range 
is required by the front-end electronics sub-system 
to pass irrelevant reflected light without losing the 
40 information contained in the light reflected off of 
the media. The amount of irrelevant reflected light 
varies from drive to drive and from media to media. 
A calibration process must therefore be included in 
the drive to determine how much light is from the 
45 optical servo tracks and how much is not. This 
calibration degrades system performance, as it de- 
lays the availability of the diskette to a system. 
Prior art systems modulate the LED 34 to produce 
a modulated light that can be distinguished by the 
so detector 36 from background light. But modulating 
the LED 34 current induces electrical and elec- 
tromagnetic interference at a point very near the 
very sensitive magnetic head. The DC restore cir- 
cuit in modulator 32 is used to control the amount 
55 of DC illumination generated by LED 34. DC illu- 
mination generates heat (from the LED 34), but 
provides no useful servo readback information. The 
amount of light that can be provided by LED 34 is 
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Fig. 5 illustrates that head assembly 52 carries 
a light source 54 and a light detector 56. A con- 
stant power source (e.g., a battery) drives light 
source 54. Light source 54 is preferably an LED, 
however, a fiber optic cable could be used to pipe 
light in from a bulkier source than an LED. A 
twenty kilohertz bandpass filter 58 removes back- 
ground light and spurious reflections, such as those 
associated with common media defects. A plurality 
of hills 60 and valleys 62 are shown to exist on one 
side only of media 42. In a dual-head system, one 
where a head assembly 52 is on both the top and 
bottom sides of media 42, the optical servo tracks 
46 being on one side will serve to position the 
heads on both sides by virtue of the usual practice 
of ganging the heads together on a common ac- 
tuator arm. The detector 56 has a pulsed output 
when the tip of head assembly 52 is positioned 
over an optical servo track. Detector 56 has a 
diamond-shaped detection area (as described be- 
low for Fig. 6). Preferably, the dashed pattern of 
the optical servo tracks 46 is such that a 50% duty 
cycle (dashes substantially equal to the space be- 
tween them) is detected at a frequency of twenty 
kilohertz. Background and other spurious tight will 
have frequency components significantly apart 
from twenty kilohertz. Spurious light will be blocked 
by the bandpass filter 58. Light reflected from the 
un-embossed areas of media 42 produce frequen- 
cy components primarily at the rotational speed of 
the media (720 RPM), which is twelve hertz, and 
also at the second harmonic of 24 Hz. A relatively 
simple bandpass filter 58 will give good results, 
due to the above degree of frequency separation. 
(The frequency separation described will be true 
for any rotational speed, not just 720 RPM.) 

Fig. 6 illustrates a detection area 70 belonging 
to detector 56 relative to several potential positions 
of a particular track 46. These positions are label- 
led P1-P4. Each track 46 is comprised of em- 
bossed, non-reflective ring segments (shown as the 
dark verical line segments along P1-P4). Each non- 
reflective line segment in P1 will take a time "tO" to 
pass a single point under head assembly 52. But 
detection area 70 is diamond-shaped, and in posi- 
tion P2, and additional time "t1 " is needed for the 
non-reflective line segments to pass leading edge 
to trailing edge in and out of detection area 70. 
Position P3 requires time "t2", which is longer than 
"t1 And in position P4, a maximum time "t3" will 
be added to "to". Therefore, when detection area 
70 is centered over a particular optical servo track 
46 (e.g., P4), the time it takes for a non-reflective 
dash, or "stitch" to pass its leading edge to its 
trailing edge under the diamond-shaped detection 
area will be maximum when the stitch passes 
squarely under the center of the detector. To either 
lateral edge of the detector, the leading edge of a 



stitch will enter the detection area later and the 
trailing edge will leave the detection area sooner. 
At the extreme edge, the duration is the time it 
takes a single point to travel the length of a single 

5 stitch. In practice, the duty cycle of the detector 
modulation will vary from 50% to zero. The am- 
plitude of the twenty kilohertz signal from detector 
56 will be maximum when the stitch passes 
squarely under the center of the detector, and will 

ro progressively decrease as the stitch passes closer 
to either edge. As the detector 56 moves away 
from the particular optical servo track 46. more 
light will be reflected by the media, but this in- 
crease in background light will be filtered away by 

rs the bandpass filter because it is essentially at DC 
frequency. 

Track-to-track reflectivity variations in the op- 
tical servo tracks 46 will effect the signal amplitude, 
since they are modulated by the stitched pattern. 

20 Above, the magnetic area is 3.4 times larger than 
the track 46 area so burnish marks and wear marks 
are equally likely to occur in any area of the media 
42. If the stitched pattern is created so that the 
magnetic performance of the non-reflective areas 

25 are significantly different than the reflective areas, 
unwanted modulation of the magnetic data may 
occur and degrade the data handling error rate of 
the system. This type of magnetic modulation is 
multiplicative modulation of the peak-to-peak am- 

30 plitude of the magnetic data. Therefore, all fre- 
quencies present in the data are affected. The 
multiplication (also called heterodyning) introduces 
harmonics above and below each frequency con- 
tained in the magnetic data (sum-and-difference 

35 products). A 600 KHz magnetic data frequency will 
appear at both 580 KHz and 620 KHz. due to 
twenty kilohertz modulation. The third harmonic of 
twenty kilohertz will also produce 540 KHz and 660 
KHz products. Typically, a readback signal will 

40 show a sudden increase in peak-to-peak amplitude 
at the trailing edge of a non-reflective area, and an 
equally sudden decrease in amplitude at the lead- 
ing edge of a non-reflective area. This has the 
effect of shifting the detectable location of the 

45 magnetic data when the modulation occurs near 
the true peak. The prior art of modulating the light 
source creates an additive modulation, that injects 
the modulation frequency and not harmonics. The 
prior art appears to experience a baseline shift 

so where magnetic information is added to the light 
source modulation. The effect of this modulation 
can be reduced by (1) maintaining the magnetic 
core over the magnetic data (un-embossed, reflec- 
tive areas), and away from the optical servo tracks 

55 46 (embossed, non-reflective areas); (2) providing 
the non-reflective parts in the optical servo track 46 
area with the same magnetic performance as the 
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reflective areas; and/or (3) providing a reflective 
region in the optical servo track 46 area that is as 
dead magnetically as the non-reflective areas. 

Maintaining the magnetic core over the mag- 
netic data in between the optical servo tracks 46 is 
effective when the magnetic width of the head is 
narrow enough that the head will not be affected by 
the pattern within the optical servo tracks 46. This 
is an undesirable restriction and is difficult to main- 
tain, because it requires narrower track width heads 
and higher bandwidth servos. The present inven- 
tors are still investigating the second technique, 
above. Providing a reflective region in the optical 
servo track 46 area that is as dead magnetically as 
the non-reflective areas is practical and places no 
additional constraints on the magnetic head or ser- 
vo over the prior art. Media 42 is preferably im- 
pressed, rather than ablated to create the non- 
reflective areas in optical servo tracks 46. The 
pattern of the impression is to depress the media 
throughout an individual optical servo track 46 so 
that it is magnetically dead to the magnetic head 
everywhere in the track. The light and dark pattern 
is achieved by the finish achieved in the depressed 
areas. A smooth finish in the depressed areas will 
create a reflective area. A pitted finish will create a 
non-reflective area. The optical appearance of the 
smooth depressed area includes a dark band at 
either radial edge of the servo track 46, since the 
surface height will be changing in these areas and 
will scatter light. The width of individual optical 
servo tracks 46 is reduced in order to gain in the 
tradeoff with reduced magnetic modulation. Even 
though the cost of narrow optical servo tracks 46 is 
reduced modulation of the light produced by LED 
54, the amount of reduced magnetic modulation to 
be realized is worth the price. By depressing the 
entire concentric ring area of each optical servo 
track 46, scratches are less likely to occur. This 
extends medias 42 life and helps with servo track- 
ing accuracy. If the stitched pattern were to be 
achieved by depressing the non-reflective areas 
and not by depressing the reflective areas, material 
(e.g., barium oxide coating) may be pulled out of 
the media 42 at the trailing edge of the non- 
reflective areas, which would cause a circumferen- 
tial reflectivity change in a particular optical servo 
track 46. 

Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that the disclosure is 
not to be interpreted as limiting. Various alterations 
and modifications will no doubt become apparent 
to those skilled in the art after having read the 
above disclosure. Accordingly, it is intended that 
the appended claims be interpreted as covering all 
alterations and modifications as fall within the true 
spirit and scope of the invention. 



Claims 

1. An optical-magnetic head positioning system, 
comprising: 

5 

a diskette media having optical servo 
tracks that comprise a plurality of concentric 
rings consisting of a regular pattern of substan- 
tially equal length reflective and non-reflective 
io ring segments; and 

means to detect said optical servo tracks 
comprising a light source, a light detector hav- 
ing a diamond-shaped detection area in con- 
is tact with the diskette media, and a bandpass 
filter. 

2. The system of claim 1, wherein: 

20 said reflective and non-reflective ring seg- 

ments are magnetically inactive and are nar- 
rower than a plurality of magnetically active 
areas between adjacent concentric rings. 

25 3. The system of claim 1 , wherein: 

said light source is substantially free of 
any modulation above one hundred hertz. 

30 4. An optical-magnetic diskette having a jacket, a 
hub, and a magnetically-coated media, the dis- 
kette capable of recording and reading by an 
optical-magnetic disk drive having means to 
detect said optical servo tracks comprising a 

35 light source, a light detector having a diamond- 

shaped detection area in contact with the dis- 
kette media, the magnetically-coated media 
comprising: 

40 a plurality of optical servo tracks concen- 

trically positioned on a surface of said media 
and consisting of a visible pattern of regular 
and substantially equal length reflective and 
non-reflective ring segments. 

45 

5. The system of claim 4, wherein: 

said reflective and non-reflective ring seg- 
ments are magnetically inactive and are nar- 
50 rower than a plurality of magnetically active 

areas between adjacent concentric rings. 

6. A method of positioning an optical-magnetic 
head in a disk drive, comprising the steps of: 

55 

defining a rotational speed of a diskette 
media in contact with the disk drive; 
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defining a plurality of concentric servo 
tracks on a surface of said media; 

defining a fundamental servo frequency; 

5 

embossing and not embossing at each op- 
tical servo track location a pattern on said 
surface of said media that blinks on-and-off at 
said fundamental servo frequency in relation to 
a stationary single point of contact with the w 
respective optical servo track when said media 
is rotating at said defined rotational speed; 

locating the optical-magnetic head proxi- 
mate to one of said optical servo tracks; 75 

adjusting said location of the optical-mag- 
netic head based on the duty cycle and am- 
plitude of a signal at the fundamental servo 
frequency detected by optical servo track de- 20 
tection means. 

7. The method of claim 6. wherein: 

the rotational speed is defined to be 720 25 
revolutions per minute. 

& The method of claim 6, wherein: 

the fundamental servo frequency is de- 30 
fined to be twenty kilohertz. 

9. The method of claim 6, wherein: 

the embossing is accomplished by laser 35 
etching said surface of said media. 
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